The frequency of plant species in the diets of 14 grasshopper species, collected on rangeland lightly grazed by cattle at the Eastern Colorado Range Station, was determined by microscopic examination of crop contents. Significant correlations were found between frequency of plant species in the habitat and the frequency of plant species in the diets of all grashopper species except Melanoplus confusus. No correlation was found between the body weight or potential mobility of grasshopper species and the degree to which plant frequency influences their diets. As the number of plant species eaten increased, the influence of the relative availability of plant species on the diets decreased. There was no correlation between either body weight or potential mobility and the number of plant species eaten or the number of plant species/crop.
Grasshoppers, which are generally regarded as the most destructive insect. to range vegetation, commonly damage range plants most severely when drought conditions prevail, thus the effects of their feeding are severe (Stoddart. and Smith, 1955) . Rangeland grasshoppers differ widely in their feeding habits, and the high degree of selectivity in their feeding is well documented.
Many theories have been presented in attempts to understand the mechanism of food selection in grasshoppers. Mulkern, Toczek, and Brusven (1964) reported that the degree of selectivity, that is the number of plant species eaten, is inherent in a grasshopper species, but the expression of selectivity is determined by the habitat. Leaves of different plants differ relatively little in nutritional substances needed by insects and substances of no nutritional value, such as glucosides, essential oils, alkaloids, saponins, or tannins, act as olfactory and contact chemical stimuli which are effective at extraordinarily low concentrations (Fraenkel, 1953; Dethier, 1954) . Painter (1953) suggested that plant-feeding insects are attracted to those plants that are nutritionally satisfactory because the two organisms evolved together, and that any strain that had a behavior pattern that caused it to feed on toxic plants or nutritionally deficient plants would be eliminated.
Size and mobility of insects may affect feeding habits, food selection, and energy flux. Mulkern, Anderson, and Brusven (1962) observed that the variety of food plants ingested by grasshoppers increases with morphologic development of the insect due to smaller crop capacity and less mobility of the younger instars. However, they observed no relationship between the adult size of a species and the number of plant species eaten. Langford (1930) reported that adult female Melanoplus bivittatus consume 2.5 times more forage than males of the same species. Male grasshoppers assimilate larger percentages of ingested food than females (Kaufmann, 1965) . Larger body sizes in insects result in increased food intake (Reichle, 1968) and increased metabolic rate (Wiegert, 1965) .
Various plant species have different effects upon survival, longevity, fecundity, body size and proportions, and rate of development. of grasshoppers. Scharff ( 1954) indicated that seasonal and yearly vari-61 ations in the general food-plant complex may be important determinants in the build-up or decrease of Melanoplus mexicanus populations. Mulkern et al. (1962) reported that grasshopper species with high population densities in alfalfa fields ingested plant species in almost direct proportion to their abundance.
Both the taxonomic composition and the physical structure of the vegetation have been reported to be important environmental factors in determining the distribution of grasshoppers (Can&all, 1943; Isely, 1944; Isely, 1946; Wolcott, 1937; Anderson, 1964; Kaufmann, 1965) .
There is a close correlation of the structure of mandibles and feeding habits in grasshoppers. Kaufmann (1965) indicated that grasshoppers with different feeding habits have differently shaped maxillary lacinia and that mandibles can be classified as the graminivorous-type, the forb-feeding type, and the moss-feeding type.
Comprehensive reviews of the literature concerning the effects of grasshoppers on rangeland and the food habits of grasshoppers have been prepared by Mulkern (1967) , Ueckert (1968a) , and Mulkern et al. (1969) .
Almost every year, millions of dollars are spent on rangeland grasshopper control and forecasting of future population levels. If our ultimate goal is understanding the ecology of rangeland and efficient control of pest species, then exact knowledge of interrelationships, behavior, and life histories is essential. The purpose of this study was to determine the influence of plant frequency, body weight, and potential mobility upon the feeding habits and diets of 14 grasshopper species common on sandhill rangeland in northeastern Colorado.
Methods and Materials

Study Area
The study area was a 40. 
Sand sagebrush (Artemisia filifolia)
is the only important shrub on the study area. Forbs make up about 6% of the total dry weight of above-ground plant biomass. The frequency of plant species on the study area was recorded on 1000 quadrats on l-3 July 1968, by a "nested quadrat" technique (Hyder et al., 1965) . The frequency for blue grama was recorded on a 5 x 5-cm quadrat and a 40 x 40-cm quadrat was used for all other species. We assumed that plant frequency in this plant association would not change appreciably during the growing season.
Grasshopper Diets
About 50 adult specimens of each of the most numerous species of UECKERT ET AL grasshoppers were collected biweekly during the 1968 growing season. Specimens were captured with sweep nets or by hand from the study area. Captured specimens were killed immediately in 95% ethanol and stored in the alcohol until laboratory work was begun. Several specimens of each species were saved as reference specimens for identification.
An ocular estimate of the density of grasshopper populations was made during each collection period.
A microscope slide was prepared from the contents of each individual grasshopper crop, and the composition of diets was estimated by examining the slides under a microscope as described by Ueckert (1968b Correlation coefficients were calculated between the percent frequency of the plant species on the study area and the percent frequency of the plant species in the diet of each grasshopper species to determine the degree to which diets are influenced by plant frequency. A correlation coefficient was calculated between the diet-plant frequency correlation coefficients for all grasshopper species and the number of plant species eaten to determine the influence of dietary selectivity upon the degree to which diets are influenced by plant frequency.
Femur and tegmen lengths and body weights were determined on 21 to 46 specimens of each sex for 11 grasshopper species. An approximate live weight was obtained on individual specimens by air-drying the alcohol-preserved specimens for about 2 hours at room temperature and then weighing them. The mobility of each grasshopper species studied was assumed to be proportional to its mean femur and tegmen lengths.
Correlation coefficients were calculated between
RANGELAND GRASSHOPPER DIETS
means of each of these three measurements and (1) the total number of different plant species eaten by each grasshopper species, and (2) the mean number of plant species/ crop for each grasshopper species, to determine the correlation between grasshopper mobility and body weight and their feeding selectivity and grazing habits.
Correlation coefficients were calculated between the mean body weight, tegmen length, and femur length of each grasshopper species and their diet-plant frequency correlation coefficients to determine if the influence of plant frequency upon the diet of a grasshopper species is a function of its potential mobility or weight.
Results
Species of plants occurring in 10% or more of the frequency plots included prairie sandreed, blue grama, needleandthread, six-weeks fescue (Festzlca octofZora), western ragweed, lambsquarters, western wheatgrass, and sand sagebrush (Table 1) .
Grasshopper collections were begun in early May of 1968 and concluded in mid-September of 1968. The crop contents of 2173 grasshoppers, of 14 species, were examined. Epidermal tissue of 43 plant species was identified in crop samples (Table 2). Several species of important forage plants, including western wheatgrass, blue grama, prairie sandreed, needleandthread, and sedge, were major foods of most of the grasshopper species studied ( Table 2 ). The population density of grasshoppers on the study area increased from about 2/m2 in early May to about 20/m2 in mid-June and remained near this level throughout the summer. The number of specimens of each species analyzed does not represent its relative abundance.
Correlation coefficients between the percent frequency of plant species in the diet and the percent frequency of plant species in the habitat were positive and significant (P = 0.01) for all grasshopper species except Melanoplus confusus (Table  3) . Plant frequency in the habitat accounted for as much as 74% (r2 = 0.74) of the variability of plant frequency in the diets of Eritettix simplex and Mermiria maculipennis, and for as little as 21% (r-2 = 0.21) of the variability of plant frequency in the diet of Melanofks foedus. Females were from 1.2 to 3.6 times heavier and had femora and tegmina from 1.0 to 1.3 times longer than males of their respective species.
Mean grasshopper weights varied from 184 mg for Eritettix simplex to 1,420 mg for Pardalophora apiculata while femur and tegmen lengths varied from 1.12 cm and 1.27 cm respectively for Ageneotettix deorum to 1.93 cm and 3.43 cm respectively for P. apiculata (Table 4) .
UECKERT
ET AL. by the grasshopper species studied (P = 0.05).
Discussion
The number of plant species eaten varied from 6 to 38 in the grasshopper species studied. Correlation coefficients of femur lengths, tegmen lengths, and body weights of 11 grasshopper species and the number of plant species eaten were not significant (P = 0.05).
Correlation coefficients of the same three body measurements of the 11 species and the mean number of plant species/crop were not significant (P = 0.05). Correlation coefficients of femur lengths, tegmen lengths, and body weights of the 11 species and their diet-plant frequency correlation coefficients were not significant (P = 0.05).
Although all herbivores have
food preferences, it is only logical to expect that plant frequency in their habitat exerts some degree of influence upon their food habits. The frequency of a species of plant in the habitat determines how often a herbivore will encounter it as it moves about. Similarly, the percent of the total biomass of live, aboveground vegetation that a plant species comprises determines its relative availability as a potential food for herbivores.
There was a negative correlation (r = -0.55) between diet-plant frequency correlation coefficients and the number of plant species eaten A non-selective feeder could be expected to eat foods exactly in proportion to the frequency with which they were encountered, and consequently, 100% of the variability in its diet would be associated with plant frequency.
In this study there was statistically significant correlation between the frequency of plants in the habitat and the frequency of plants in the diets of all grasshopper species except M. confusus. As much as 74% of the variability in the diets of E. simplex and M. maculipennis may be associated with plant frequency in their habitat.
Although some of the lower correlation coefficients may not be ecologically important, this study provides evidence that the diets of grasshoppers are influenced by the plant composition in the habitat, even though strong feeding preferences are expressed.
The influence of plant frequency upon feeding habits varies among grasshopper species. There was no correlation between the body weight or potential mobility of grasshopper species and the degree to which plant frequency influences diets. The food preferences of a grasshopper species are apparently genetically inherited traits and are not dictated by the grasshopper's ability to search for foods. However, a negative correlation was found between the number of plant species eaten by the grasshopper species studied and the influence of plant frequency upon their diets. As feeding selectivity decreased (or the number of plant species eaten increased) the influence of the relative availability of plant species on the diet decreased, thus diets of species which feed on few different plant species (stenophagous) are generally influenced more by plant frequency than are diets of species which feed on many different plant species (euryphagous).
